This paper provides evidence of market power in the transportation of ethanol used in reformulated gasoline and alternative transportation fuels. I estimate a reduced form model for railroad route-level prices. My identification strategy instruments for railroad entry, controls for selection and explicitly models capacity constraints. A detailed understanding of this industry is important because U.S. environmental policies seek to substantially expand ethanol use. Evidence of market power may alter the types of policies pursued by lawmakers. I find that ethanol shipment prices are lower for more competitive routes. I also find evidence that railroads price discriminate based on environmental regulation at route destinations. Monopolist prices for shipments to carbon monoxide non-attainment areas are 3% higher than shipments to other destinations. This price premium falls sharply with increased competition. This suggests a perverse result where environmental regulation increases the price of a clean input.
This paper investigates whether railroads exercise market power in ethanol shipments. I exploit a cross-section of shipment-level prices collected from the pubic ethanol tariffs from five of seven North American Class I railroads. 3 These prices are combined with detailed geographic information system (GIS) data that describe each firm's rail network, control variables as well as the locations and characteristics of ethanol plants.
The empirical model examines whether prices vary based on the level of competition at route endpoints. I use the number of firms participating at the route endpoints as an indication of the level of competition. This approach is similar to Schmidt [2] . However, Schmidt treats the number of firms as exogenous and ignores the possibility of capacity constraints as an explanation for the correlation between prices and firm participation. Because railroad participation may be endogenous, I instrument for the number of firms at the route endpoints using data from the 1900 U.S. census. To account for the possibility of railroad capacity constraints, I use detailed geographic data on rail traffic density as a measure of route congestion. In addition, I control for cost and demand characteristics using route distance, railroad effects, and origin and destination state effects. I find that ethanol shipment prices are lower for more competitive routes. On average, prices decrease by 3.4% for each entrant at the route origin.
If consumers are heterogenous, firms with market power may be able to increase producer surplus through price discrimination. Environmental regulation, specifically carbon monoxide non-attainment designation, may introduce an important source of consumer heterogeneity. Since the 1990's, the federal government has designated counties with high carbon monoxide levels as ''CO non-attainment areas.'' Many of these counties mandate the use of ethanol blended gasoline as part of a strategy to improve air quality. 4 These blend rules may create markets in which the demand for ethanol is very inelastic. Furthermore, firms are able to identify these areas of inelastic demand via their non-attainment status. I investigate this hypothesis by estimating the relationship between shipment prices and non-attainment status at route destinations. Monopolist prices are, on average, 3.1% higher at destinations located in CO non-attainment areas. The price premium decreases sharply with increased competition. For each additional entrant, the price premium falls by 2.3%. It is unlikely that these effects are the result of railroad capacity constraints in non-attainment areas. Furthermore, a simple falsification exercise finds that rail prices for other commodities are not systematically higher in nonattainment areas.
This analysis adds to the empirical literature on price discrimination in the transportation sector beginning with Borenstein [3] and Shepard [4] in retail gasoline markets and Borenstein and Rose [5] in airline markets. 5 The approach adopted here is similar in spirit to Stavins [6] and Busse and Keohane [7] . Stavins [6] documents price discrimination in airline tickets that increases with the level of competition. The author uses a reduced form model to study discounts due to fare restrictions. Discounts are found to be smaller on routes with higher market concentration. Busse and Keohane [7] study price discrimination in rail shipments of low-sulfur coal to power plants under the 1990 Clean Air Act Amendments. The authors find that railroads do in fact practice price discrimination based on environmental regulation and geography. Prices increase for deliveries to regulated electricity plants relative to non-regulated plants. The price increases are less for electricity plants further from the low-sulfur coal mines where compliance options are more flexible. Busse and Keohane use panel data and exploit geographic variation, temporal, and cross-sectional regulatory variation to identify price discrimination. In contrast, I use cross-sectional variation in environmental regulation and competition at the route endpoints.
There is a substantial literature which investigates pricing in rail markets. A large number of studies have focused on the effects of railroad deregulation on pricing. While not an exhaustive list, prominent examples include Boyer [8] and McFarland [9] on average rail rates, MacDonald [10] and MacDonald [11] on grain shipment prices, and Burton [12] and Wilson [13] on shipment pricing for a variety of commodities. For a thorough review of this literature the reader is referred to Ellig [14] . More recently, a number of studies have explored that nature of market power in rail markets. Schmidt [2] , using a cross-section of city-level data, finds that rail prices increase and shipments decrease as the number of firms serving route endpoints decreases. Atkinson and Kerkvliet [54] estimate rents to railroads transporting low-sulfur coal during the early 1980s. Friedlaender [15] and Kunce et al. [16] estimate price-cost margins. This paper investigates an important new market, ethanol transport, and employs a more robust identification strategy than used in previous studies.
This paper also contributes to the existing literature on ethanol policy. Current studies focus primarily on the supply and demand for fuel ethanol, environmental impacts and the economic effects on related markets. Rask [17] estimates reduced form models for ethanol supply and demand using state-level consumption data. Anderson [18] estimates ethanol demand using station-level prices and quantities in Minnesota and uses his estimates to conduct a policy simulation of a renewable fuel standard. Farrel et al. [19] investigate energy and greenhouse gas emissions and Searchinger et al. [20] estimate emissions of ethanol production processes. The costs of ethanol production have been studied by McAloon et al. [21] 3 Railroad classes are a designation based on operating revenue assigned by the U.S. Surface Transportation Board. Additional information on the characteristics of the Class I railroads is provided in Section 2. 4 Examples include: Los Angeles, CA; El Paso, TX; Denver, CO; Missoula, MT; and Phoenix, AZ. 5 Borenstein [3] finds evidence of price discrimination based on search costs in the market for leaded gasoline during the early 1980s. Shepard [4] investigates price discrimination based on service quality (self and full-service) in retail gasoline stations. Borenstein and Rose [5] differentiate between price dispersion due to variation in costs and dispersion due to discriminatory pricing by regressing the Gini coefficient of fares on cost and market structure variables.
and Kwiatkowski et al. [22] . McNew and Griffith [23] study the impact of ethanol plant entry on local grain prices. While each of these areas is important to the evaluation of ethanol policy, none of these papers have focused on the interaction between ethanol policies and rail markets. Finally, there are also important complementarities between the present application and the literature on empirical models of entry and market structure beginning with Bresnahan and Reiss [24] and Berry [25] . These models typically combine a structural approach with cross-sectional data to estimate the relationships between the number of firms participating in a market (or entrants) and profits. Berry and Reiss [26] provide a thorough overview of this literature. In contrast to these models, the reduced form approach adopted here does not enable one to infer profits or the level of competition directly from railroad participation. However, many important policy questions relate to the effects of entry and environmental regulation on prices. The analysis that follows enables one to estimate these relationships while requiring less restrictive assumptions.
The remainder of the paper is organized as follows. Section 2 provides an overview of ethanol use in the U.S., ethanol production, and the structure of the U.S. ethanol rail transportation market. Sections 3 and 4 describe the data and empirical approach used in this analysis. The main results are presented in Section 5. Section 6 describes several robustness checks and Section 7 concludes.
2. Ethanol in the U.S.
Drivers of demand
Historically, the use of ethanol as a transportation fuel has been driven by state and federal policies. In the U.S., fuel ethanol is seldom used on its own but rather in blends with gasoline. There are three main applications that can be classified according to the relative quantities of ethanol and gasoline used in each blend.
First, ethanol is used in reformulated gasoline as an ''oxygenate'' to reduce motor vehicle emissions, namely carbon monoxide (CO). Pollutants such as carbon monoxide (CO) are the result of incomplete fuel combustion. Oxygenates are compounds that when blended into fuels increase oxygen content and improve combustion. Typically, ethanol used for this purpose is blended with gasoline at several percent ethanol by volume. Federal reformulated gasoline containing 2% oxygen (from ethanol or other oxygenates) was mandated until 2006 in approximately 130 counties. 6 An additional 65 counties opted-in to this program. Second, fuel ethanol is used as a gasoline replacement. In modern passenger vehicles, ethanol can be readily substituted for gasoline in quantities as high as 10-20%. The term ''gasohol'' is often used to describe blends with between 5.7% and 10% ethanol by volume. In many instances, gasohol mandates or incentive programs have been created by the federal and state governments as a means of supporting local agriculture or reducing petroleum consumption. 7 Ethanol blends of this type may also be the result of so-called ''economic blending'' on the part of fuel suppliers when low ethanol prices relative to gasoline favor substitution. Finally, ethanol is used as an ''alternative fuel'' in vehicles designed to burn ethanol instead of, or more commonly, in combination with a small amount of gasoline. The distinction between this and gasohol blends is the relatively high proportion of ethanol in the blended fuel. The standard formulation in the U.S. is E85 which contains 85% ethanol and 15% gasoline by volume. Flex fuel vehicles (FFV's) are designed to use E85, pure gasoline or a combination of the two fuels. However, despite the availability of FFV's, E85 fueling stations are still relatively scarce. According to the U.S. Department of Energy [27] there were approximately 1400 E85 fueling stations in the U.S. compared with around 150,000 gasoline fueling stations.
Climate change policy is a new and increasingly important driver of ethanol demand. Compared with conventional fuels, ethanol can result in lower emissions of carbon dioxide and other greenhouse gases. Policies such as the federal renewable fuel standard (RFS) are at least in part motivated by the desire to reduce environmental externalities due to climate change. In California and several other states, low carbon fuel standards (LCFSs) have been enacted to reduce carbon emissions from the transportation sector by implicitly subsidizing cleaner fuels [28] . These policies are likely to result in large increases in the quantity of ethanol consumed in both gasohol and E85 type blends over the coming years.
Most of these applications create demand for ethanol in cities with large numbers of motor vehicles and fueling stations. Air quality concerns in particular have tended to create centers of ethanol demand in large urban areas, typically on the East and West coasts. However, U.S. ethanol production is mainly centered in the Midwest. Over 95% of U.S. ethanol plants surveyed in Ethanol Producer Magazine [29] use corn as a feedstock. Kwiatkowski et al. [22] estimate corn represents approximately 75% of the production cost of ethanol. A major by-product of the production process is animal feed in the form of distiller's grains. As a result, the majority of ethanol plants are located in the Midwestern U.S. in areas of high corn and cattle production. Fig. 1 shows the locations of ethanol production facilities and destinations for ethanol shipments. The geographic distribution of supply and demand creates a major market for ethanol transportation. 6 Oxygenation requirements for federal RFG were dropped in 2006 though many counties continue to use ethanol. 7 For example, the U.S. government awards an ethanol blender's credit of 45 cents per gallon of ethanol used in transportation fuels. A partial list of state programs includes Missouri which grants a production credit of 20 cents per gallon of ethanol used to make gasohol, Montana, Nebraska and Kansasota which grant credits of 20 cents, 18 cents and 6.5 cents per gallon, respectively.
Rail transportation
A recent U.S. Department of Agriculture [55] report estimates that approximately 60% of ethanol in the U.S. is transported by rail, 30% by truck and 10% by barge. Unlike petroleum, ethanol is difficult to transport via pipeline due to problems with corrosion and water absorption. Truck transport typically occurs over short distances or when relatively small quantities are required. Barge transport on the Mississippi River, Hudson River and Great Lakes is an option for plants or rail terminals located near these bodies of water. 8 However for most routes, rail is the preferred mode of transportation and the role of outside options is limited. The most likely destinations for ethanol shipments are petroleum distribution terminals. Gasoline is typically transported from the refinery to local distribution terminals by pipeline or barge. Because ethanol blended gasoline is difficult to transport via pipeline, blending of ethanol and gasoline usually occurs at the terminal. The blended fuel is then delivered to retail stations by tanker truck.
Ethanol is transported by rail in 30,000 gallon tank cars. Shipments are arranged by the ethanol producer, customer or by a third party marketer. Both single car and unit train shipments are common. An ethanol unit train consists entirely of ethanol tankers and typically contains 80-90 cars traveling between a single origin (or gathering location) and destination. Because this type of movement avoids the inefficiency of assembling or disassembling a train of cars from multiple locations, prices for unit train shipments are lower than single car shipments. 9 However, unit trains are only suitable for the largest volume producers and customers. In my conversations with railroads, representatives also described a rigorous certification process for unit train facilities to verify, among other things, sufficient capacity for handling and unloading tank cars. 10 Because the number of destinations served by unit train is still a small share of total destinations, this paper focuses on prices for single car shipments. Recent estimates for the volume of ethanol transported by rail are difficult to obtain. The Association of American Railroads [30] reports that 96,000 carloads of ethanol were shipped in 2006. The USDA estimate of a 60% share suggests that approximately 3.9 billion gallons of ethanol were shipped by rail in 2007. At 30,000 gallons per car, this implies a total of 130,000 shipments in 2007. 11 At 2008 prices, this implies a market of approximately $600 million.
Of the more than 500 freight railroads operating in the U.S. in 2006, the vast majority of ethanol was shipped by a few firms. The Association of American Railroads [30] estimates that 80%-85% of ethanol shipments originate on ''Class I railroads.'' The seven Class I railroads are the largest carriers in terms of revenue as defined by the Surface Transportation Board. These firms accounted for approximately 70% of industry mileage and approximately 90% of industry revenue in 2006 according to the Association of American Railroads [31] . This group includes Burlington Northern Santa Fe (BNSF), Canadian National (CN), Canadian Pacific Rail Service (CPRS), CSX Transportation (CSX), Kansas City Southern (KCS), Norfolk Southern (NS) and the Union Pacific Railroad (UP). Class I railroads typically own tracks in many states and operate long-haul routes between major cities. Given the large distances that ethanol is transported from plants in the Midwest to destinations on the Gulf, East and West Coasts, the Class I railroads are the most likely carriers for these shipments. 8 The USDA (2007) identifies major terminals located in: Albany, NY; Chicago, IL; Houston, TX; New Orleans, LA; and Sauget, IL. Unfortunately, I lack detailed data on barge shipments for the ethanol plants in my sample and cannot directly measure the effect of water transport on rail prices. Furthermore, not all ports are suitable for transporting ethanol. Including a dummy variable in the base model for whether an ethanol plant is within several miles of any port suggests rail prices are higher near navigable waterways but that the effect of railroad entry on rail prices is larger. 9 The USDA (2007) estimates that a unit train can make a return trip 30 times a year as compared to 12 times a year for single car shipments. This reduces inventory carrying costs on the part of shippers and capital and operating costs for the railroads. 10 This paper focuses on ethanol shipments that occur on Class I railroads. Given that these firms control the majority of the market and that price data are more difficult to obtain for smaller railroads, this seems a reasonable simplification. Furthermore, the services that smaller firms provide are in many respects different from those provided by the Class I railroads. Regional ''short-line'' railroads move shipments between ethanol plants and interchanges with Class I carriers. Smaller firms also participate in state or regional markets on shorter routes suited to their more limited rail networks.
Price discrimination based on environmental regulation
Under the Clean Air Act of 1990, counties exceeding minimum air quality standards for specific pollutants are designated as ''non-attainment areas.'' These areas are required to take steps to reduce vehicle travel, adopt emissions controls or require cleaner burning gasoline. The types of actions taken depends in part on the specific pollutants contributing to non-attainment status. In regions designated as carbon monoxide (CO) non-attainment areas, a common approach has been to introduce oxygenated gasoline. Since many states have phased out the use of MTBE (methyl tertiary butyl ether), ethanol is the most common oxygenate.
In the past, winter oxygenation was required in 24 CO non-attainment areas according to the U.S. Environmental Protection Agency, [32] . 12 Some of these regions have since relaxed this requirement listing oxygenation as a ''contingency measure.'' Nevertheless, many of these regions may still be expected to use oxygenated gasoline. This is because gasoline used in these areas has been specially formulated to allow for blending with ethanol and meet state and federal gasoline content regulations. 13 Switching to another gasoline formulation often requires physical changes to refineries or additional transportation costs to import fuel from more distant refineries. These additional costs may prevent some regions from switching fuels despite changes to local regulations.
14 One may expect the price elasticity of demand for ethanol, and hence ethanol shipments, to be less elastic in nonattainment areas. Conceptually, ethanol consumption in non-attainment areas is determined by the total level of gasoline consumption and ethanol blending proportions specified by oxygenated fuel rules. In these markets, ethanol and gasoline are perfect complements in the production of oxygenated fuel. Since ethanol represents a small fraction of the blended fuel, the price elasticity of ethanol demand is essentially the price elasticity of gasoline demand. Most estimates of the price elasticity of gasoline demand are quite small. 15 In reality, the availability of transportation options means that the elasticity with respect to rail prices may be somewhat larger than the price elasticity of gasoline demand. However to a first approximation, transportation options should be uncorrelated with non-attainment status.
In markets outside of non-attainment areas, ethanol may be primarily used in gasohol or E85 blends. In this case, ethanol is acting as a substitute for gasoline, and demand depends on the relative prices of gasoline and ethanol. Anderson [18] estimates average elasticities on the order of 2.5-3.5. This suggests demand for ethanol rail shipments may be more elastic outside of non-attainment areas.
If non-attainment status allows firms to distinguish between these different types of consumers, railroads with market power may be able to practice third-degree price discrimination in ethanol markets. Consider a market served by a single railroad. Assume the monopolist is able to divide the market into consumers of each type based on non-attainment status, but is unable to discriminate within a group. For simplicity assume marginal costs are constant and equal across groups. Under standard assumptions, optimal pricing results in the inverse elasticity rule (1) where prices for group i are higher if the price elasticity E i is smaller in magnitude.
In markets with multiple railroads where firms behave non-cooperatively, a natural assumption is that increasing the number of competitors will decrease prices, all else equal. For instance, in the case of Cournot competition, it is straightforward to show that average price-cost margins can be represented as an inverse elasticity rule analogous to (1) shown as (2) below, where s j represents the market share of railroad j. For symmetric firms, price-cost margins vary with entry as 1/N, where N is the number of competitors.
Higher prices in non-attainment areas that depend on the number of competitors suggests the presence of market power. Of course, it could also be the case that the cost of shipping ethanol to CO non-attainment areas is different than 12 Typically, oxygenation is most important during the winter months in order to help reduce CO levels while avoiding contributing to smog formation. 13 Oxygenation with ethanol increases octane and aids in the reduction of toxic compounds. Without ethanol, cleaner gasoline with higher octane must be substituted in order to meet the necessary fuel specifications. In addition, gasoline that is to be blended with ethanol must have a lower Reid Vapor Pressure (RVP) because adding ethanol increases the RVP of the blended fuel. 14 In California for instance, oxygenation is not required during the summer months under California's state gasoline content regulations.
Oxygenation was required under federal law in California until 2006. However, since the oxygenation requirement was lifted, California has continued to use oxygenated fuel. 15 For a summary of short and long run gasoline demand elasticities see Hughes et al. [33] .
the cost to ship ethanol to other destinations. 16 Under these circumstances, an observed difference in prices would not necessarily be an indication of market power. The empirical model described below attempts to differentiate between these two effects.
Data
The data used in this analysis consist of a cross-section of ethanol shipment prices for five North American Class I railroads. The unit of observation is a railroad-route pair. These data provide a snapshot of ethanol rail prices during the first quarter of 2008. 17 Price data were combined with detailed geographic information on the U.S. railroad network including track length, location, traffic density and ownership. Additional explanatory variables were collected from a variety of U.S. government agencies.
Ethanol shipment price data
Single-car ethanol price data were collected from the public tariffs of five Class I North American railroads. For the two remaining railroads the locations of origins and destinations of ethanol shipments are known, though prices were not available. 18 The public tariffs represent the ''advertised'' price for transporting a single tanker car (30,000 gallons) between an origin (e.g., Iowa City, IA) or origin group (e.g., Southeastern Iowa) and a given destination (e.g., Los Angeles, CA) or destination group (e.g., Southern California). When origin or destination cities are grouped, cities within the group are assigned the same prices. 19 In some cases, a railroad's tariffs are listed by destination state only and no prices for individual destinations are given. 20 In these cases, I
assign prices to individual cities in the destination state in the following manner. For railroad i and state j, I define a set of possible destination cities as all cities within state j having a population greater than 100,000 persons. Then, I exclude destination cities that do not fall on railroad i's rail network. 21 Since the advent of the Staggers Rail Act of 1980, railroads have been permitted to negotiate private contracts for the shipment of goods. In my discussions with the railroads, firms differ in their use of private contracts with some firms relying exclusively on public prices, some negotiating only private contracts and some employing a mix of both types of prices. One manager stated that the western railroads, BNSF and UP, use only public prices while the eastern railroads, CN, CSX, KCS, NS and CPRS are more apt to utilize private contracts.
The lack of data on private contract posses two challenges for this analysis. First, private rates negotiated by individual shippers are presumably lower than those contained in the public tariffs. Therefore, the public tariffs represent an upper bound on the actual price paid for an ethanol shipment. Second, since only advertised prices are observed and not actual transaction prices, the existence of a public tariff does not guarantee that any ethanol is actually shipped at that price. 22 To increase the likelihood that actual shipments occur on the routes with published public tariffs, I further restrict my sample by requiring the following: valid origin cities contain an ethanol production facility or serve as an interchange depot between rail carriers; and valid destination cities contain at least one petroleum fuel terminal or serve as an interchange depot. 23 Data on the locations of ethanol plants are taken from Ethanol Producer Magazine [29] . The locations of petroleum terminals are taken from the U.S. Environmental Protection Agency [35] . Interchange depots are those identified through conversations with representatives of the Class I railroads. While some authors such as MacDonald [11] , have expressed reservations about the use of public railroad tariffs, these are the best and most extensive public data on ethanol prices today. Previous studies such as MacDonald [10] , have utilized confidential railroad price and quantity data from the Surface Transportation Board Waybill Sample. Unfortunately, I lack access to these data. Another alternative is the public use file of the Waybill Sample, a subset of the full sample with the confidential data removed. However, these data are unsuitable because they include only a small number tariffs and substantial differences in formats across railroads. As these data were collected by hand, creating a panel of price data would be very costly. 18 The railroads that report public ethanol tariffs are: Burlington Northern Santa Fe (BNSF) [37] , Canadian National (CN) [51]; CSX Transportation (CSX) [52] ; Norfolk Southern (NS) [48] ; and the Union Pacific Railroad (UP) [53] . The Canadian Pacific Rail Service (CPRS) and Kansas City Southern (KCS) do not publish public ethanol tariffs. Citations for the public ethanol tariffs are given in the bibliography. 19 The implications of price grouping on the estimated standard errors are discussed in Section 4.2. 20 In addition, BNSF uses a state group for origins in Illinois. Prices for this group are excluded from the analysis. Results are qualitatively similar to those presented below when ethanol plants and interchanges in Illinois are included as potential origins. 21 Excluding destinations that are part of a destination state-group results in parameter estimates that are very similar to those presented below. 22 This situation is similar in many ways to Internet price data. In their study of Internet book sales, Chevalier and Goolsbee [34] show that sales weighted-average prices are significantly different from price averages that weight all books equally. These differences can affect the conclusions one draws from price dispersion online or from relative price differences between online and traditional retailers. Without ethanol quantity data, it is impossible to weight the observed public tariff data by the actual railroad-route shipments. Furthermore, the lack of reliable data on county or state-level ethanol demand prevents the use of ethanol consumption as a proxy for actual shipments. 23 Ethanol plants may be operating, idle or under construction. Conversations with railroads indicate that prices may be published some time before a plant begins operation.
of ethanol shipments for a only few routes. 24 Therefore, despite the limitations, the public tariffs seem the most suitable available data.
Geographic data
Geographic Information Systems (GIS) data on each railroad's rail network were obtained from the Bureau of Transportation Statistics [36] . The data include the physical location of tracks in latitude and longitude coordinates, track length, density of rail traffic on individual track segments, track ownership as well any leases or ''trackage rights'' provided to other firms. I define a given railroad's network as all segments of track owned by the railroad plus all tracks to which the railroad has trackage rights. 25 The locations of origin and destination cities were added using latitude and longitude coordinates from the Bureau of Transportation Statistics (BTS). For cities not listed in the BTS rail data, latitude and longitude coordinates were obtained from http://www.batchgeocode.com/. The origin and destination cities for the routes listed in each railroad's public tariffs were checked against that railroad's network. Routes that contain cities that do not appear on the network were dropped from the sample. 26 The rail distance for each route was calculated as the shortest-distance path between cities on a given carrier's network. The calculation was implemented using the Network Analyst routine in ArcView GIS version 3.3. Fig. 2 depicts an example displaying the shortest-distance route between Iowa Falls, IA and West Sacramento, CA on Union Pacific's rail network. Of course, firms may optimize over other factors in addition to distance when selecting a route between origins and destinations. For example, transit time, if congestion or speed limits are a consideration on certain tracks.
To get a sense for the validity of the shortest-distance assumption, the actual routing distances were obtained from the Burlington Northern Santa Fe for approximately 2200 of the railroad's ethanol routes. 27 For each route, I calculate the ratio of the shortest-distance path on BNSF's network to BNSF's reported distance. The mean and standard deviation of this ratio for the routes in the ethanol sample are 0.96 and 0.029, respectively. This suggests that the shortest-distance route is a fair approximation of the actual distance, though on average the calculated distance is slightly smaller. I obtain GIS data on rail traffic density from the Bureau of Transportation Statistics [36] . The Federal Railroad Administration assigns each section of railroad track to one of seven categories (class 1-7) based on the quantity of freight transported over the track each year. I construct the variable RTD by calculating the mile-weighted average density over the entire route.
Finally, using GIS data from the Bureau of Transportation Statistics [36] , I map ethanol route destinations to CO nonattainment areas as shown in Fig. 3 . Of the 151 destinations in the sample, 61 or approximately 40% are within historical CO non-attainment areas.
Summary statistics
Summary statistics for the combined price and rail mileage data are shown in Table 1 . The first column presents statistics for the full sample of price data. The second and third columns summarize the effects of the two types of restrictions imposed on the data. Limiting the sample to observations for which both the origin and destination cities appear on the listing carrier's network reduces the total number of price observations by 27% from approximately 25,000 to approximately 18,000 as shown in column 2. The mean price is approximately 2% higher for the remaining observations after the network restriction is imposed.
Column 3 adds the additional restrictions on origins and destinations requiring that route endpoints contain an ethanol plant, petroleum terminal or serve as a rail interchange. The total sample is reduced by approximately 79 to approximately 5200 observations. Compared to the full sample, the mean price and rail mileage of the remaining observations are approximately 7 and 6% higher, at $4632 and 1207 miles, respectively. 28 For individual firms in the sample, the combined effect of these restrictions varies between a 20% (NS) and 96% (CSX) reduction in the number of observations. 29 24 For instance, the 2006 sample contains approximately 160 ethanol shipments. 25 For a given railroad and route, sections of owned track may be separated by sections owned by another railroad but operated through leases or ''trackage rights.'' In practical terms, the inclusion of leased tracks is often necessary for a continuous network. Leases also imply that a given section of track may be part of more than one firm's network. This definition results in network maps that are consistent with route maps published by the various carriers. 26 One possible explanation is that portions of these routes are served by contract with a regional short-line carrier and, therefore, are not included in the carrier's network. A second explanation lies in the fact that some sections of track in the BTS rail data are not assigned ownership though they may if fact belong to a Class I carrier. 27 BNSF reports distances for the purpose of fuel surcharge calculations at http://www.bnsf.com/bnsf.was6/RailMiles/RMCentralController.
Unfortunately, the other railroads in the sample do not report similar data. 28 A Wald test rejects the equivalence of the base model specification in samples with and without restrictions with an F-statistic of 8.39. 29 For CSX, the vast majority of observations are dropped due to the origin and destination restrictions. This is because the price data for CSX contain many routes between likely ethanol demand centers, e.g., Washington, DC to Charlotte, NC or from likely demand centers e.g., Buffalo, NY to interchange terminals e.g., Chicago, IL. These types of shipments do not satisfy the origin and destination restricts and seem unlikely to occur frequently in practice.
Summary statistics for variables in the final sample are shown in Table 2 . There are 105 origin and 127 destination cities in the final sample. Table 3 summarizes railroad participation at origins and destinations in additional detail. Most routes are highly concentrated with the majority of origins and destinations having only one or two firms. Approximately 94% of observations have fewer than three railroads participating at either the route origin or destination.
There are four origins and five destinations served by three railroads. Given that these cities make up a small part of the sample, one might be concerned about systematic differences in these markets relative to the rest of the sample. Section 6 demonstrates that the empirical results are robust to exclusion of these cities.
Empirical approach
The basic empirical model regresses the price per ethanol car shipment on the number of railroads participating at the endpoints of each route. The approach follows studies that estimate a reduced form model for rail prices. For example see Burton [37] , Schmidt [2] and Wilson [13] . In this case, the reduced form comes from the demand for transportation, the costs of ethanol rail shipments and market characteristics such as regulation and competition from rail and other freight modes.
Eq. (3) shows the main empirical specification. The dependent variable p ijk is railroad i's price for a single car shipment between origin j and destination k. The explanatory variables Num_RR_org j and Num_RR_dest k represent the number of railroads participating at origin j and destination k, respectively. If competition increases with entry, the coefficients b 5 and b 6 are expected to be negative.
UP Destinations
Shortest distance route from Iowa Falls, IA to West Sacramento, CA UP Origins UP rail network I model the relationship between CO non-attainment status and ethanol prices as a mean effect captured by a zero-one dummy CO_NA that is equal to one if a given destination has ever been designated as a CO non-attainment area. To differentiate between market power and costs effects of CO non-attainment status on ethanol rail prices, I interact this dummy with the destination competition variable Num_RR_dest. Under the cost hypothesis, one would expect the coefficient on CO_NA to be positive but the coefficient on the interaction term, RR_dest_CO_NA, to be zero. This is because cost factors which increase rail prices should be independent of the number of firms participating at each destination. On the other hand, a positive coefficient on CO_NA and negative and statistically significant coefficient on the interaction term is consistent with market power. This approach is similar to Stavins [6] though the present approach allows for the endogeneity of the competition variable num_RR_dest.
Rail costs include route and firm-specific factors. Route-specific cost factors include shipment distance, congestion and terminal costs. Miles ijk is the shortest-distance rail mileage. I model unobserved cost factors that vary at the railroad level, such as productivity and factor prices, as mean effects Z i . Similarly, I incorporate the interaction term b 2 Miles ijk Â Z i to capture differences in the relationship between costs and miles that vary at the railroad level. Because of terminal costs such as loading and switching, the relationship between cost and route distance is likely to be non-linear. Following Burton [37] I also include the square of the shortest-distance rail mileage Miles_sq ijk (in units of hundreds of miles squared) and railroad interactions. Because the railroads in the sample each charge a different mileage-based fuel surcharge in addition to the ethanol shipment price, and fuel makes up a substantial portion of shipment cost, I expect significant differences in this relationship across firms. 30 To account for route congestion I include the weighted-average rail traffic density RTD for each route in the sample. One would expect highly congested routes to have higher costs than less congested routes. Furthermore, if congestion is correlated with railroad participation, failure to account for congestion would bias the estimated effect of competition on prices. 31 Finally, because terminal costs are likely to be larger for routes ending or beginning at an interchange, O_interchng j and D_interchng k are dummy variables that equal one when the origin or destination is an interchange city.
Eq. (3) includes destination state fixed-effects Z m to model factors such as environmental policies and automobile use that affect ethanol demand. 32 Similarly, I model state factors that affect ethanol production, and hence demand for shipping, as mean effects by incorporating origin state fixed-effects Z l . 33 The main variables that describe market structure are the railroad participation variables Num_RR_org j and Num_RR_dest k . Participation is calculated as the number of firms reporting ethanol prices at a given origin or destination. Regulatory factors that vary at the state level are captured by the origin and destination fixed-effects. Earlier versions of this paper experimented with variables meant to describe outside options such as barge or truck transport. Results of these models were very similar to those presented in Section 5.
A final issue relates to specification of the dependent variable. Eq. (3) regresses log prices on the railroad competition variables and controls. This assumes that the presence of an additional competitor has the same percentage impact on prices across routes. Given the substantial variation in prices across routes, this assumption seems reasonable. Results from an estimation using prices in levels as the dependent variable are presented in Section 6. 31 If for example entry results in the construction of new tracks that reduce congestion. 32 Specifications using the total number of vehicles per destination county produce similar results. 33 For example, corn production, tax incentives for building ethanol plants, cattle feedlots that create markets for ethanol plant bi-products.
Identification
A major concern in identifying the effect of competition on the price of ethanol rail shipments is the potential endogeneity of the number of firms participating at the route endpoints. Specifically, one might expect the number of railroads participating at an origin or destination to increase with positive price shocks. 34 In this case, Num_RR_org and
Num_RR_dest would be correlated with the error term and the OLS coefficients on these terms would be biased. 35, 36 To address this issue I instrument for Num_RR_org and Num_RR_dest using county-level data on agricultural production, manufacturing and population from the 1900 U.S. Census of Population and Housing [39] . Since the total size of the U.S. railroad network peaked in the early 1900's and existing tracks operate on historical right-of-ways, I expect historical rail service to be correlated with present railroad participation. Because I do not observe actual historical railroad participation, I use county-level population, the value of manufactured goods, the value of agricultural crops and the value of livestock production in 1900 as predictors of railroad participation at each origin or destination.
Some authors, notably Deaton [38] , have expressed concern over the use of historical instrumental variables in applications such as this. A valid instrumental variable affects the dependent variable only through its effect on the endogenous regressor, i.e. it is not correlated with the error-term. Deaton [38] highlights many examples from the literature where historical instrumental variables are unlikely to satisfy this criterion. In the present application, consistent estimation using instrumental variables requires that the historical instruments affect only railroad participation at route endpoints and not rail prices. Given the long time lag, it seems reasonable to assume that the historical variables are uncorrelated with rail prices in 2008. However, one might imagine the existence of factors such as geography or long-lived policies that cause rail prices today to be correlated with the 1900 census instruments. To control for factors affecting population, manufacturing and agriculture, and in turn rail service that persist over many years, I also include current data on population (U.S. Bureau [47] . The main identifying assumption, therefore, is that the differences in these quantities from 1900 to 2008 affect railroad participation but not prices in 2008.
A second complication arises if ethanol producers also take rail prices into account seeking locations (origins) with negative price shocks. Anecdotal evidence from the siting of recent ethanol plants supports this hypothesis. 37 Therefore, the method used to select origins, namely requiring that origins be operating ethanol plants, may bias estimates of Eq. (3). In many ways this situation is similar to Olley and Pakes [41] who address the problems of endogeneity and selection due to unobserved productivity in the telecommunications industry. However, here the number of firms participating at the route endpoints may be endogenous and the selection of observations depends on the error term in rail prices. I account for the possibility of selection bias by adopting a control function approach. 38 
Assuming that o p,t evolves according to a Markov process, I write the ethanol plant's condition to continue operations as Eq. (6).
Rearranging and recognizing that rail transportation costs depend on Eq. (3), I rewrite the continuation condition in terms of a function of the base model error, shown as Eq. (7). The unobserved components of ethanol plant profits o p,tÀ1 depend in part on E ijk and in part on factors that I assume are orthogonal to transportation costs. Therefore, to avoid confusion I drop o p,tÀ1 from Eq. (7).
34 The bias would run in the opposite direction if merger activity were correlated with unobserved (positive) price shocks. However, efforts of government regulators to maintain pre-existing levels of competition through trackage rights after the merger would minimize this effect. For example, see page 16 of http://www.uprr.com/aboutup/history/decision.pdf. 35 It is difficult to know how readily railroads may enter new geographic markets. On one hand, the large fixed costs of building new tracks poses a significant barrier to entry. However, if trackage rights (leases) are easily negotiated, barriers to entry may be much lower. 36 The endogeneity problem would not necessarily be alleviated by adopting a fixed-effects specification. Including origin and destination fixedeffects may control for unobserved price shocks at the city level. However, route-level shocks could present a similar endogeneity problem. 37 For example, see Zerschling [40] . 38 Heckman and Hotz [42] provide an intuitive description of the control function estimator.
The right-hand side of Eq. (7) depends on revenue, observable factors of ethanol production and unobserved factors. At the local level, ethanol prices are arguably independent of plant location and, therefore, should not affect the siting decision. Factors of production in cðq p,tÀ1 Þ include corn, energy (electricity, natural gas, coal) and labor plus the co-product animal feed (distiller's dried grains). 39 I control for corn prices using county-level data on corn production from the 2002 U.S.
Census of Agriculture. Energy prices and labor are unlikely to vary substantially by location within a state and, therefore, should be captured by the origin state fixed-effects. Finally, I control for animal feed prices using county-level livestock production from the 2002 U.S. Census of Agriculture. A similar selection problem arises if petroleum terminal operators take rail prices into account when establishing facilities for ethanol blending. The petroleum terminal analog to Eq. (7) contains cost factors related to gasoline transportation, energy and labor. I control for gasoline transportation cost using the distance between each petroleum blending terminal (destination) and the nearest petroleum refinery as reported by the U.S. Environmental Protection Agency [43] . Energy prices and labor are captured by the destination state fixed-effects.
Clustering
A final issue relates to the standard errors of the estimated coefficients. As mentioned previously, several of the railroads in the sample group origins and destinations into price groups. For observations in the same price-group, the disturbance terms are likely correlated. One might also expect origin or destination-level common shocks for origins and destinations that are not part of price groups because of unobservables that vary at the city level. Because both route origins and destinations may be affected, I cluster on origin price-group and destination price-group. 40 Cities not reported as part of a price group are assigned to their own group for the purpose of calculating cluster-robust standard errors. 41 It is important to note that clustering on origin and destination price groups assigns observations to clusters based on each railroad's price group structure. Cluster robust standard errors calculated in this manner do not account for city-level shocks that are common across railroads. Differences in each firm's price group structure prevent clustering on both the price group and city levels. Standards errors clustered at the origin and destination city-level are qualitatively similar to those reported in Section 5.
Results
Results from estimation of Eq. (1) are shown in Tables 4 and 5 . The first-stage regression results are presented in Table 4 . In the origin first-stage, the agricultural and population instruments are statistically significant (p o 0:01). The value of historical manufacturing output is negative and not statistically significant. In the destination first-stage, the manufacturing, livestock and population instruments are statistically significant (p o 0:01). The coefficient on historical crop production is positive and not statistically significant. For destinations in non-attainment areas population, manufacturing and agricultural production are statistically significant. The missing standard errors represent negative entries on the diagonal of the two-way cluster robust variance covariance matrix. Cameron et al. [44] describe circumstances when this may occur. A F-test for the joint significance of the instruments rejects the null hypothesis that the instruments have no significance in predicting railroad participation with F-statistics of 61.91, 1211.29 and 108.22 for the origin, destination and non-attainment destination interaction terms, respectively.
The estimates of the main parameters of interest are presented in Table 5 . The origin and destination state fixed-effects as well as the census variables have been suppressed to simplify the presentation of results. Column 1 shows OLS estimates of the full sample. Because historical data used to construct the instrumental variables are not available for the entire sample, the total number of observations used in the 2SLS estimation is reduced. Column 3 reports OLS estimates using the reduced sample. Column 5 presents the 2SLS estimates. 42, 43 The estimated coefficients on the railroad fixed-effects, distance terms and their interactions are in general statistically significant and similar in magnitude across the three models. The smaller sample used in the 2SLS model results in somewhat larger point estimates for the CO non-attainment effects, relative to OLS in the full sample. However, as the results are qualitatively similar across models, I will focus my discussion on the 2SLS estimates in column 5.
Evaluated at the mean prices and distances, an additional mile increases the price of an ethanol shipment between $1.24 and $3.12 per car depending on the railroad. This translates to between 1.3 and 3.2 cents per ton-mile. Published mileage scales for BNSF and UP list the price per mile of an ethanol shipment at $1.47-$2.43 per mile or 1.5-2.5 cents per ton-mile. Column 5 implies values of 1.3 and 1.5 cents per ton-mile for BNSF and UP, respectively. The coefficients on the 39 For an engineering analysis, see Kwiatkowski et al. [22] . 40 I employ the ''multi-way'' algorithm described by Cameron et al. [44] to calculate ''2-way'' cluster-robust standard errors, clustering on origin and destination group. 41 Clustering on route produces similar standard errors. 42 As a check I also estimate the instrumental variable specification using the generalized method of moments. The results are very similar to the estimates presented in Table 5 . 43 Both the 2SLS and GMM estimates use the ''ivreg2'' module written by Baum et al. [45] . interchange dummies are positive and significant suggesting that prices for routes with a destination or origin interchange are higher (3.1%-5.0%) compared to other routes. An increase in average density RTD of one class is correlated with a decrease in price of approximately 1%. It is well known that railroads exhibit economies of density. For example see Ivaldi and McCollough [46] . Therefore, the negative coefficient on average density is not surprising. However, one might still expect congestion on routes with very high density resulting in slower travel speeds and higher costs. Therefore, the combined effect on prices may be positive, negative or u-shaped. In unreported results I allow the effect of RTD to be non-linear by grouping the route average rail traffic density into seven dummy variables. These results do show the u-shaped effect of density with a minimum at an average rail traffic density of six. However, the estimated coefficients on num_RR_org and num_RR_dest are quite similar to those reported in Table 5 .
Increased competition leads to lower prices for ethanol shipments. For each additional railroad participating at the route origin, price decreases by approximately 3.4%, on average. The effect of an additional railroad at the destinations not is CO non-attainment areas is negative, but small and not statistically significant.
These results are robust across the three models summarized in Table 4 though the effect at the route origin is over twice as large in the 2SLS estimates.
Prices for destinations in non-attainment areas are higher than prices for other destinations. The magnitude of the price difference decreases as the number of railroads participating at the destination increases. The coefficient on the dummy for CO non-attainment status is positive and significant ðp o 0:01Þ while the coefficient on the interaction term is negative and significant with ðp o0:01Þ. 44 Focusing on the 2SLS estimates in the third column of Table 5 , monopolist prices are approximately 3.1% higher on average in CO non-attainment areas compared to other destinations. For each additional entrant, the price premium falls by 2.3%. These results are consistent with railroads practicing price discrimination based on environmental regulations at the route destination. A concern one may have in interpreting these results is whether CO non-attainment areas are different from other destinations in ways not captured by the model. Positive price (or cost) shocks or omitted variables that are correlated with non-attainment designation could explain the results in Table 5 . To further investigate this issue, I conduct a simple falsification exercise using the Surface Transportation Board, Public Waybill Sample [56] . The Waybill Sample contains rail price (revenue), distance, origin and destination data for approximately 600,000 shipments of several hundred different commodities. In the public sample, origins and destination cities are aggregated and reported by BEA economic area. I regress the price per rail shipment on shipment miles, miles squared, the number or railroads who operate tracks in a given origin or destination area, commodity fixed-effects, and a dummy that is equal to one if the destination area contains at least one CO non-attainment area. The estimated coefficient on the non-attainment dummy is negative ( À 14.65) and is not statistically significant at standard testing levels. This suggests that rail prices for shipments of commodities other than ethanol to non-attainment areas are no higher than for other destinations. This result lends further support to the price discrimination interpretation of the results presented in Table 5 .
Robustness checks
In this section I describe a number of robustness checks related to the possibility of model misspecification in estimating Eq. (3). Specifically, Table 6 presents results using alternate controls for route congestion, omitting destinations served by three railroads, defining competition at the route level, and using price in levels as the dependent variable. Column 1 of Table 6 presents estimates from the preferred specification for comparison.
Given that CO non-attainment status is likely to increase ethanol shipments to these destinations, one might be particularly concerned about the role capacity constraints (congestion) may play in the observed prices. Higher prices would be expected if non-attainment increased shipments to a level near the capacity constraint. Likewise, prices would be expected to decrease with entry if entrants utilize new rail lines (or terminals) thus easing congestion. Furthermore, route-level rail traffic density may not adequately control for these effects at route destinations. To address these issues I replace the route weighted-average rail traffic density RTD with Org_density and Dest_density, the rail traffic density at the origin and destination, respectively. This specification isolates the effects of capacity constraints at the route endpoints.
The second column of Table 6 presents results using the origin and destination rail traffic density measures. The coefficients on rail traffic density at the route endpoints are both positive, though the origin effect is not statistically significant. At the destination, an increase in rail traffic density class is correlated with a price increase of approximately 0.4%. The coefficients on the railroad participation variables, CO non-attainment status and the interaction term are comparable to those presented in column 1. 45 Taken together, these results suggest that the observed price behavior at destinations in CO non-attainment areas is not the result of railroad capacity constraints. As shown in Table 1 , approximately 4-6% of observations are served by three railroad at either the route origin or destination. Furthermore, these observations represent a small number of cities. To the extent the price effects captured by 44 Results using only destinations that were once non-attainment but have since come into attainment are qualitatively similar. This suggests that some aspect of non-attainment designation which impacts ethanol demand persists after the designation has been lifted. 45 Including the route-level average density RTD in addition to the endpoint densities produces very similar results.
the linear railroad participation variables are driven by cities with three railroads, one may worry about the potential influence of unobserved characteristics in these markets. Column 3 of Table 6 presents results excluding all cities with three or more railroads. The competition variables, therefore, measure the effects of moving from monopoly to duopoly in rail transportation. At the origin, the effect on prices of adding an additional railroad is negative, though slightly smaller in magnitude than in the full sample and significant at the 10% level. The effects in CO non-attainment areas are consistent with the full sample estimates, though larger in magnitude. The coefficient on the interaction term is less precisely estimated than in the full sample, though still statistically significant at the 10% level.
If the appropriate measure of competition is at the route level as opposed to at route endpoints, the base model may be misspecified. Column 4 present results of a model where the origin and destination participation variables are replaced with the route equivalent. I instrument for Num_RR_route with the same instruments used to identify Num_RR_org and Num_RR_dest. The indicator variable for non-attainment status is the same as in the base model. The interaction term RR_route_CO_NA is the interaction of the non-attainment dummy and the number of railroads on a give route. The parameters of interest are qualitatively consistent with base model. The effect of adding an additional railroad to a route whose destination is not in a non-attainment area is negative, though not statistically significant. The coefficients on nonattainment status and the interaction term are larger than in the base model, though not precisely estimated. These results bolster the base model results and support the notion that the relevant measures of competition are at the route origins and destinations.
Finally, the fifth column of Table 6 presents results with shipment prices specified in levels. For the average route in the sample, these results are qualitatively similar to the base model. Evaluated at mean prices, the effect of adding an additional railroad at the route origin decreases shipment prices by approximately 3.3% on average. Monopolist prices in non-attainment areas are on average $148 or 3.8% higher. This price premium falls by $101 or approximately 2.6% with each additional entrant.
Conclusions
The goal of this paper is to investigate whether railroads exercise market power in the transportation of fuel ethanol. Historically, ethanol demand in the U.S. has been driven by state and federal policies. New policies such as the RFS seek to dramatically expand the use of ethanol. Understanding the effect of market power provides valuable information for the evaluation of these policies. Evidence of market power could change the regulatory choices of policymakers.
I find compelling evidence that railroads do exercise market power in the transportation of ethanol. The data show that prices depend on the level of competition at route origins and destinations. Firms are able to price discriminate based on environmental regulations at the route destinations. Specifically, prices for ethanol delivered to cities within CO nonattainment areas are significantly higher than prices for other destinations. The price difference decreases for more competitive destinations. There are several implications of these findings that pertain to new ethanol policies such as renewable fuel standards or low carbon fuel standards. First, because rail carriers are able to exercise market power, policies that promote ethanol may incur additional social costs. To the extent that ethanol policies are aimed at increasing welfare, the effect of market power on prices and consumption must be considered. Second, the new policies themselves may cause prices to vary across routes, all else equal. For example, the data presented here suggest that CO non-attainment designation allows firms in concentrated markets to raise prices at the expense of customers whose demand for ethanol is inelastic. This suggests a rather perverse effect that regulations designed to improve environmental quality may actually make abatement more costly by increasing the price of a clean input. New policies may enable similar price discrimination. Third, prices are reduced substantially in markets with even a small number of competitors. Policies that minimize exposure to highly concentrated rail transportation markets can help mitigate the effects of market power.
Finally, while quantifying the effects of price discrimination in terms of prices is an important first step, evaluating the full welfare costs of environmental regulations requires a more detailed look at demand and market structure. A structural econometric approach that allows for the evaluation of consumer and producer welfare with and without regulation is an important area for future research.
